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The influence of pointing and rotational requirements 
on the design of a space station is examined. 
objective is to provide complete pointing and rotational 
flexibility with only rigid body module rotations and experiment 
gimbals. 

The design 

A solution is presented for an idealized case. The 

Experiments and the solar array have single 
Targets are accessed by a combination of module and 

The loss in flexibility arising from a 

configuration has cylindrical geometry with modules aligned 
on one axis. 
gimbals. 
qimbal rotations. 
modification which relaxes the idealization is also given. 
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with the symmetry axis aligned with the perpendicular to the 
orbital plane. 
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MEMORANDUM FOR F I L E  

I. INTRODUCTION 

T h i s  memorandum examines t h e  i n f l u e n c e  of p o i n t i n g  
and r o t a t i o n a l  r e q u i r e m e n t s  o n  s p a c e  s t a t i o n  c o n f i g u r a t i o n  
and f l i g h t  a t t i t u d e  d e s i g n .  The d e s i g n  o b j e c t i v e  i s  t o  
p r o v i d e  t h e  c a p a b i l i t y  f o r  meet ing  a l l  of t h e s e  r e q u i r e m e n t s  
s i m u l t a n e o u s l y  and w i t h o u t  mutual  compromise.* 

One way of s o l v i n g  t h e  problem of c o n f l i c t i n g  p o i n t i n g  
r e q u i r e m e n t s  i s  t o  p r o v i d e  a free f l i g h t  c a p a b i l i t y .  Systems 
w i t h  common p o i n t i n g  r equ i r emen t s  a r e  p l a c e d  on a common module 
which i s  s e p a r a t e d  from t h e  space  s t a t i o n  f o r  o p e r a t i o n a l  u s e  
and p e r i o d i c a l l y  r e t u r n e d  f o r  s e r v i c e .  The  r e q u i r e d  p o i n t i n g  
f l e x i b i l i t y  i s  o b t a i n e d  i n  t h i s  method a t  a h igh  c o s t .  
s e p a r a t e d  module must p r o v i d e  a l l  t h e  u s u a l  s p a c e c r a f t  f u n c t i o n s .  
O r b i t  keep ing ,  r endezvous ,  and dock ing  impose a d d i t i o n a l  bu rdens  
on t h e  o v e r a l l  system. 

The 

L o g i c a l l y ,  t h e  s e p a r a t e d  module c o n c e p t  may be over -  
k i l l i n g  t h e  problem. 
f reedom f o r  e a c h  module, where o n l y  two a t  most may be r e q u i r e d .  
With two o r t h o g o n a l  r o t a t i o n s  a v e c t o r  r e p r e s e n t i n g  a p o i n t i n g  
d i r e c t i o n  may be  r e p o s i t i o n e d  t o  any d e s i r e d  d i r e c t i o n .  

I t  p r o v i d e s  s i x  d e g r e e s  of r i g i d  body 

I t  seems u s e f u l  t o  i n q u i r e  whether  it i s  p o s s i b l e  t o  
c o n f i g u r e  a s p a c e  s t a t i o n  from modules w i t h  o n l y  r o t a t i o n a l  
f reedom. While t w o  r o t a t i o n s  a r e  n e c e s s a r y  f o r  f u l l  p o i n t i n g  
f l e x i b i l i t y ,  t h e y  do n o t  i n s u r e  t h a t  t h e  d e s i r e d  t a r g e t  can  
a c t u a l l y  be seen .  The t a rge t  may be  obscured  by t h e  s p a c e  
s t a t i o n  i t s e l f .  

The c o n f i g u r a t i o n  d e s i g n  problem comes down t o  f i n d i n g  
a geometry w i t h  a d e q u a t e  r o t a t i o n a l  f l e x i b i l i t y  which a v o i d s  
t h e  problem o f  t a rge t  o b s c u r a t i o n .  

An answer i s  g i v e n  h e r e  i n  t w o  p a r t s .  F i r s t ,  a n  
i d e a l i z e d  c o n c e p t  i s  p r e s e n t e d  which i g n o r e s  c e r t a i n  p r a c t i c a l  
c o n s i d e r a t i o n s .  F o r  t h i s  i d e a l i z a t i o n  i t  i s  a s s e r t e d  t h a t :  

* The c o n f i g u r a t i o n s  d e r i v e d  h e r e  are a n t i c i p a t e d  i n  p a r t  
i n  Refe rence  1. 
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( a )  There i s  an  optimum geometry w i t h  t h e  modules 
assembled a l o n g  one a x i s ,  d e s i g n a t e d  t h e  symmetry a x i s .  
Module r o t a t i o n s  are a b o u t  t h i s  a x i s  and expe r imen t s  are 
g imbaled  a b o u t  a n  o r t h o g o n a l  a x i s .  

( b )  For t h i s  c o n f i g u r a t i o n ,  and s u b j e c t  t o  t h e  a s sumpt ions ,  
a l l  t h e  space  s t a t i o n  p o i n t i n g  and r o t a t i o n a l  r e q u i r e m e n t s  
can  be m e t  s i m u l t a n e o u s l y .  

Second, u s i n g  t h i s  concep t  as a g u i d e ,  t h e  c o n f i g u r a -  
t i o n  i s  mod i f i ed  t o  r e l i e v e  t h e  l i m i t a t i o n s  of  t h e  a s sumpt ions .  
T h i s  r e s u l t s  i n  some l o s s  i n  c a p a b i l i t y .  Whether o r  n o t  t h e  
r ema in ing  f l e x i b i l i t y  is  adequate  i n  any g i v e n  case can  o n l y  
be assessed i n  t e r m s  of a c t u a l  r e q u i r e m e n t s .  
can  be g i v e n  i n  advance. 

N o  g e n e r a l  answer 

The p r e f e r r e d  f l i g h t  a t t i t u d e  f o r  t h e  c o n f i g u r a t i o n s  
d i s c u s s e d  i s  w i t h  t h e  symmetry a x i s  p e r p e n d i c u l a r  t o  t h e  o r b i t a l  
p l a n e .  

11. P O I N T I N G  REOUIREMENTS 

I t  i s  c o n v e n i e n t  t o  d i v i d e  t h e s e  r e q u i r e m e n t s  i n t o  
t h r e e  c a t e g o r i e s ,  e a r t h ,  i n e r t i a l  and n o n - i n e r t i a l  p o i n t i n g .  

E a r t h  P o i n t i n g  

The s p a c e  s t a t i o n  shou ld  have t h e  c a p a b i l i t y  o f  
p o i n t i n g  i t s  e a r t h  s e n s i n g  i n s t r u m e n t s  t o  any p o r t i o n  of t h e  
e a r t h  o r  i t s  atmosphere which i s  i n  v i e w  a t  any i n s t a n t .  
Fo r  a low e a r t h  o r b i t  of about  2 0 0  n. m i l e s ,  t h i s  r e q u i r e s  
p o i n t i n g  anywhere w i t h i n  a cone of approx ima te ly  90'  h a l f  
a n g l e  c e n t e r e d  on t h e  n a d i r .  

E a r t h  p o i n t i n g  i s  a s p e c i a l  case of  n o n - i n e r t i a l  
p o i n t i n g  which m e r i t s  s e p a r a t e  c a t e g o r i z a t i o n .  
w i l l  dominate  o t h e r  n o n - i n e r t i a l  p o i n t i n g  t o  a l a r g e  d e g r e e .  
A l s o ,  t h e  n a d i r  may be  k e p t  i n  view by a s i n g l e  a x i s  r o t a t i o n  
a b o u t  t h e  p e r p e n d i c u l a r  t o  t h e  o r b i t a l  p l a n e .  
t a r g e t s  u s u a l l y  w i l l  n o t  have t h i s  p r o p e r t y .  

E a r t h  p o i n t i n g  

Othe r  n o n - i n e r t i a l  

I n e r t i a l  P o i n t i n g  

Requirements  t o  p o i n t  i n s t r u m e n t s  a t  a r b i t r a r y  t a rge t s  

I n  a d d i t i o n ,  i f  s o l a r  a r r a y  power i s  employed, t h e  

on t h e  ce les t ia l  s p h e r e  as w e l l  as a t  t h e  sun  a re  l i k e l y .  

s o l a r  a r r a y s  must f a c e  t h e  sun c o n t i n u a l l y  f o r  e f f i c i e n t  u s e .  
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N o n - I n e r t i a l  P o i n t i n g  

Any moving t a r g e t s  which must be a c q u i r e d  and t r a c k e d  
f a l l  i n t o  t h i s  c a t e g o r y .  O t h e r  l o w  a l t i t u d e  s a t e l l i t e s  are t h e  
s o u r c e  of t h i s  r equ i r emen t .  

111. ROTATIONAL REQUIREMENT ( A r t i f i c i a l  G r a v i t y )  

The o n l y  p r a c t i c a l  method c u r r e n t l y  known t o  p r o v i d e  
a body f o r c e  s i m u l a t i n g  t h a t  of g r a v i t y  f o r  l o n g  d u r a t i o n  i s  
c o n t i n u o u s  r o t a t i o n .  If  an  a r t i f i c i a l  g r a v i t y  r equ i r emen t  i s  
p l a c e d  on t h e  s p a c e  s t a t i o n ,  p r o v i s i o n  must b e  made for  a 
r o t a t i n g  module. There i s  freedom on t h e  c h o i c e  o f  t h e  a x i s  of 
r o t a t i o n .  

I V .  MODULES AND GIMBALS 

A s  i m p l i e d  ear l ie r ,  t h e  s p a c e  s t a t i o n  i n  t h e  s e n s e  
deve loped  h e r e  i s  a n  assembly of modules which can r o t a t e  
b u t  n o t  t r a n s l a t e  w i t h  r e s p e c t  t o  e a c h  o t h e r .  A l l  sys tems 
w i t h  common p o i n t i n g  r equ i r emen t s  are p l a c e d  on a common 
module. 

Experiment  p o i n t i n g  may be a c h i e v e d  by 

a )  module r o t a t i o n s  about  t w o  a x e s ,  

b )  one module r o t a t i o n  and one gimbal  r o t a t i o n ,  o r  

c )  t w o  gimbal r o t a t i o n s .  

I t  i s  i m p o r t a n t  t o  o b s e r v e  t h a t  ( a )  and ( b )  p r o v i d e  
comple t e  f l e x i b i l i t y  t o  p o i n t  i n  any d i r e c t i o n .  Opt ion  ( c )  
however,  i n  g e n e r a l  can  access o n l y  one -ha l f  t h e  ce l e s t i a l  
s p h e r e  s i n c e  t h e  module on which t h e  expe r imen t  i s  mounted 
o b s c u r e s  t h e  view o f  t h e  remainder .  For t h i s  r e a s o n ,  o p t i o n  
( c )  i s  e l i m i n a t e d  from t h e  i d e a l i z e d  case. 

V. ASSUMPTIONS FOR I D E A L I Z E D  CASE 

The f o l l o w i n g  assumpt ions  a re  used:  

a )  Dimensions of p o i n t i n g  i n s t r u m e n t s  are  s m a l l  compared 
t o  t h e  d i a m e t e r  of t h e  module which car r ies  them. I n s t r u m e n t s  
are on t h e  s u r f a c e  of t h e  module. 

b) Module s i z e  i s  n o t  c o n s t r a i n e d .  

c )  Space s t a t i o n  s i z e  is  n o t  c o n s t r a i n e d .  
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d )  C r e w  t r a n s f e r  between modules s h a l l  n o t  r e q u i r e  
e x t r a - v e h i c u l a r  a c t i v i t y  (EVA) n o r  t h e  i n c l u s i o n  of non- r ig id  
body (bellows) e l emen t s .  

V I .  IDEALIZED CONCEPT 

The c o n f i g u r a t i o n  problem i s  t o  assemble  t h e  
f o l l o w i n g  modules so as t o  avo id  tarset  o b s c u r a t i o n  and p r o v i d e  
f u l l  p o i n t i n g  and r o t a t i o n a l  f l e x i b i l i t y :  

a )  Modules c a r r y i n g  i n s t r u m e n t s ,  mounted w i t h  o r  w i t h o u t  
g imbals .  

b )  R o t a t i o n a l  module f o r  a r t i f i c i a l  g r a v i t y .  

c)  S o l a r  a r r a y  f o r  e l e c t r i c a l  power. 

One answer t o  t h i s  problem c o n s i s t e n t  w i t h  t h e  
a s sumpt ions  h a s  t h e  f o l l o w i n g  p r o p e r t i e s :  

A l l  modules have t h e  same diameter and are a l i g n e d  
on a common a x i s ,  t h e  symmetry a x i s .  

Only s i n g l e  a x i s  module r o t a t i o n s  a b o u t  t h e  symmetry 
a x i s  are a l lowed.  

Gimbal p o i n t i n g  o f  expe r imen t s  on an a x i s  o r t h o g o n a l  
t o  t h e  symmetry a x i s  i s  r e q u i r e d  f o r  t h e  second degree of 
freedom. 

The concep t  i s  i l l u s t r a t e d  i n  F i q u r e  1. O f  t h e  
two r ema in ing  a l t e r n a t i v e s ,  a and b of  S e c t i o n  I V ,  f o r  
expe r imen t  p o i n t i n g ,  a l t e r n a t i v e  b h a s  been selected.  
A l t e r n a t i v e  a u s e s  two module r o t a t i o n s  which a p p e a r s  t o  
make much more complex t h e  problem o f  c r e w  t r a n s f e r  between 
modules.  A d d i t i o n a l l y  two module r o t a t i o n s  make c o n t i n u o u s  
t a r g e t  v i s i b i l i t y  more d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  t o  manage. 

A l t e r n a t i v e  b ,  o f  S e c t i o n  I V ,  r e q u i r e s  o n l y  one 
r o t a t i o n a l  d e g r e e  of freedom between a d j a c e n t  modules.  C r e w  
t r a n s f e r  can  be  accomplished by means of a t r a n s f e r  a i r l o c k  
which can  assume t h e  r o t a t i o n  r a t e  of  e i t h e r  o f  t h e  a d j a c e n t  
modules.  

A l i g n i n g  a l l  modules on a common r o t a t i o n a l  a x i s  h a s  
t w o  a t t r i b u t e s .  F i r s t ,  i n  c o n j u n c t i o n  w i t h  t h e  r e q u i r e m e n t  
t h a t  a l l  modules have t h e  same d i a m e t e r ,  it p r o v i d e s  a s o l u t i o n  
f o r  t h e  t a r g e t  o b s c u r a t i o n  problem. Second, it d e c o u p l e s  
modules from t h e  e f f e c t s  of r o t a t i o n  of  o t h e r  e l e m e n t s  i n  t h e  
c o n f i g u r a t i o n .  
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Notice t h a t  t h e  s o l a r  a r r a y  must be  made as a 
v e n e t i a n  b l i n d .  Fo r  a l a r g e  tilt a n g l e  normal t o  t h e  symmetry 
a x i s ,  it must be l o c a t e d  a l a r g e  d i s t a n c e  f r o m  t h e  a d j a c e n t  
modules. 

S i n c e  t h e  expe r imen t s  are mounted on t h e  s u r f a c e  o f  
t h e  modules t h e y  can be a r b i t r a r i l y  p o i n t e d  th rough  a combina t ion  
of  module and gimbal r o t a t i o n s .  

V I I I .  M O D I F I E D  CONCEPT 

F i g u r e  2 i l l u s t r a t e s  a c o n c e p t u a l  d e s i g n  which r e l a x e s  
some of  t h e  assumpt ions  of S e c t i o n  V .  

The maximum diameter i s  s e t  h e r e  by t h e  so la r  a r r a y  
o r  t h e  a r t i f i c i a l  g r a v i t y  module. T h i s  diameter i s  n o t  
p e r m i t t e d  t o  c o n t r o l  t h e  d i ame te r  of t h e  o t h e r  modules which 
r e s u l t s  i n  some loss of  viewing.  Fo r  e a r t h  p o i n t i n g  t h e  so la r  
a r r a y  w i l l  o b s c u r e  p a r t  o f  t h e  e a r t h  b u t  o n l y  f o r  a f r a c t i o n  
o f  t h e  o r b i t  and n e v e r  a l o n g  t h e  n a d i r .  The a r t i f i c i a l  g r a v i t y  
module s i n c e  it i s  n o t  a s o l i d  c y l i n d e r ,  o b s c u r e s  t a r g e t s  
o n l y  i n t e r m i t t e n t l y  which may be  t o l e r a b l e .  

S i n c e  t h e  astronomy module may c o n t a i n  expe r imen t s  
which are  o f  comparable s i z e  t o  t h e  s p a c e  s t a t i o n  d i a m e t e r ,  
it may be n e c e s s a r y  t o  mount them on t h e  end of t h e  c o n f i g u r a t i o n .  
T h i s  res t r ic t s  v iewing  t o  one-ha l f  t h e  c e l e s t i a l  s p h e r e  a t  any 
one t i m e .  P e r i o d i c a l l y  t h e  e n t i r e  c o n f i g u r a t i o n  cou ld  be  
f l i p p e d  180 d e g r e e s  t o  p e r m i t  a c c e s s  t o  t h e  o t h e r  h a l f .  

V I I .  FLIGHT ATTITUD2 

The POP a t t i t u d e  i s  i d e a l  f o r  t h e  c o n f i g u r a t i o n  
d i s c u s s e d  h e r e  f o r  t w o  r easons :  

a )  I t  i s  e a s y  t o  s t a b l i z e  w i t h  c o n t r o l  m o m e i i t  gy ros  
(CMG’s) and 

b )  E a r t h  p o i n t i n g  a long  t h e  n a d i r  is  accomplished w i t h  
o n l y  module r o t a t i o n .  

j ,  71 ‘1 [-i&J&,- 
10 2 2 - GMA-ep ’ G. M. Anderson 
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